Objective: To determine the sensitivity, specificity and positive predictive value of the PSA test at the conventional cut-off value of 4 ng/ml. Design: Retrospective study. Setting: Nairobi Hospital Laboratory, Nairobi. Data Source: Results of serum Prostate specific Antigen (PSA), estimation and prostate histology specimens at the Nairobi Hospital Laboratory between January 1997 and December 1999. Results: A total of 3309 PSA tests and 524 prostate biopsies were processed during the study period. One hundred cases had both PSA test and histology, where the PSA test was done before the surgical procedure. Fourty nine of them had histological diagnosis of cancer of prostate (CAP) while 71 had benign prostate hyperplasia (BPH). There was considerable overlap in the PSA concentrations between the two groups, the ranges being 0.34-36 ng/ml and 1.78-4339 ng/ml for BPH and CAP respectively. 63.4% of BPH subjects had PSA concentrations above the 4 ng/ml threshold value; 29.6% being in the diagnostic gray zone of 4-10 ng/ml. In contrast only 6% of CAP subjects had PSA values in the gray zone. Using the 4 ng/ml cut-off, the sensitivity, specificity and positive predictive value of the PSA test were 89.8, 37 and 49% respectively. Conclusion: Although PSA is a sensitive test, it is not sufficiently specific to discriminate between BPH and CAP at intermediate values. Additional approaches are required to enhance its specificity for CAP screening without reducing the sensitivity.
INTRODUCTION
Prostate Specific Antigen (PSA), a member of the human kallikrein gene family, is a serine protease with chymotrypsin-like activity. produced mainly by the epithelial cells that line the acini and ducts of the prostate gland. PSA is secreted into the seminal fluid in high concentrations where it's main physiological function is to liquefy the seminal gel (1, 2) . Small amounts of PSA are normally found in circulation as a result of leakage from the prostate gland. However, disruption of the normal glandular structure by prostatic disease allows greater amounts of PSA to enter the general circulation.
Serum PSA determinations are widely used to monitor and manage patients with established prostate cancer (CAP). Serial monitoring of post-prostatectomised patients for increased serum PSA is a common approach for the detection of recurrent or metastatic disease (3) (4) (5) . Cancer of prostrate is one of the most common malignancies in men (4, 6, 7) . It is potentially curable when found localised within the prostate gland. Unfortunately, when it has spread beyond the confines of the gland, CAP is a uniformly fatal disease(8,9).
Because of the poor prognosis of advanced CAP, determination of serum PSA concentration has been recommended as a screening test for CAP (4, (10) (11) (12) . Population based screening for CAP using PSA remains controversial because of insufficient evidence that early detection and aggressive treatment of CAP can reduce mortality (8, 13 ) . Despite this, the use of PSA testing as part of regular physical check-ups in men over 50 years of age has continued to increase.
Prostate Specific Antigen is however not specific for CAP and non-malignant prostatic diseases, including prostatitis and benign prostatic hyperplasia (BPH) are also associated with elevations of serum PSA (3, 4, 14) . Increases in serum PSA are however more frequent and higher in CAP and early crosssectional analysis indicated that the diagnostic "grayzone" is in the PSA range of 4-10 ng/ml, prostate biopsy being indicated in those with PSA > 10 ng/ ml ( 4, 15, 16) . Since PSA testing was introduced in this laboratory, its utility as a screening tool for CAP has increased. The purpose of this study was to evaluate its sensitivity, specificity and positive predictive value for early detection of CAP since there is little local data on the subject.
MATERIALS AND METHODS
This was a retrospective study. All results of PSA done at the Nairobi Hospital laboratory between January 1997 and December 1999 were considered. Results of prostate histologies done in the same period were also looked at. Subjects who had both PSA estimation and prostate histology were further evaluated. The cases of BPH and CAP were defined by histological diagnosis of benign or malignant prostate lesions respectively. Because prostate surgery can cause substantial elevation of PSA for upto four weeks(4), only those subjects who had PSA estimation done before the surgical procedure were considered.
Permission was obtained from the institutional review board. PSA estimation was done using a microparticle immunoassay technique on the Abbott IMX and Abbott AXSYM (Abbott Park IL.) Prostate biopsy specimens were processed according to standard histological procedures (17) . The conventional PSA cut-off of 4 ng/ml was used for grouping PSA results into normal and high values. Sensitivity, specificity and positive predictive values of the PSA test were calculated at this cutoff value and at l0ng/ml.
Statistical analysis: Data were entered into a PC and analysis done using MS Excel software (Microsoft). Data were summarised using means, medians and percentiles. Sensitivity was calculated as the number of CAP cases testing positive divided by the total number of CAP cases. Specificity was calculated as the number of BPH cases testing negative divided by the total number of BPH cases. Positive predictive value was calculated as the number of CAP cases testing positive divided by the total number with positive test results.
RESULTS
A total of 3309 PSA estimations and 524 prostate specimens were processed during the study period (Fig.  1) There was a steady increase in the number of PSA tests done, prostate specimens processed and CAP cases detected over this period. Fourty nine cases of CAP and seventy one of BPH met the study requirements. The median PSA concentrations in the BPH and CAP subjects were 6.14 ng/ml and 58.3 ng/ml respectively. There was an overlap in the PSA values between these two groups, the ranges being 0.34 -36 and 1.78 -4339 ng/ml for BPH and CAP respectively ( Figure 2 ). Many BPH subjects (63.4%), had PSA concentrations above the cut-off of 4ng/ml, 29.6% being in the diagnostic gray zone range (4-10 ng/ml) (Table I ) In contrast, only 6% of CAP subjects had PSA concentrations in this range. Using 4ng/ml as the cutoff, the sensitivity, specificity and positive predictive value of the PSA test were 89.8, 37% and 49% respectively ( Table 2) . Raising the cut-off to 10 ng/ ml increases the specificity and PPV to 66 and 63% respectively, while the sensitivity is reduced to 83. 7%.
DISCUSSION
Prostate Specific Antigen (PSA) is an established marker for treatment monitoring of CAP. Annual PSA testing, together with digital rectal examination (DE), has also been recommended in men beginning at the age of 50 as a screening test for prostate cancer (4, (10) (11) (12) . Validation of a screening test for cancer requires several criteria to be satisfied (18) . The disease must represent a substantial health burden; the test must be able to identify the disease in an asymptomatic localised stage, the screening test must have acceptable values for sensitivity, specificity and predictive value. The curative potential must be substantially better in early compared to advanced disease stages, and cases detected by the screening test experience an improved outcome compared with those who have not been screened. Other issues concern the potential harm of unnecessary investigations and therapies following screening and the cost of the screening test. Screening for CAP using PSA testing has satisfied the first two criteria. It is accepted that prostate cancer is a significant health problem, and testing for serum PSA can identify cancers at an asymptomatic localised stage (4,8,19 ). The last three criteria and concerns about the potential harm and cost of screening are however the subject of controversy (8,l3,20,21) . In spite of this, many clinicians have adopted the program of annual testing of individuals. In this study there was a steady increase in the utilisation of the PSA test. The number of prostate biopsies performed and CAP detected over the three years also increased, as is expected in a screening program (6, 22 ) .
The results show an overlap in serum PSA concentrations among men with BPH and CAP, with 63% of BPH cases having PSA concentrations more than 4ng/mh. This is in keeping with previous reports which showed that men with BPH have PSA elevation in 21 to 86% of the cases (3, 23, 24 ) . Stamey and his colleagues in 1987 reported PSA elevation in 86% of patients with histological diagnosis of BPH (3 ), while Catalona and co-workers who measured serum PSA in ambulatory men participating in a voluntary screening program for CAP, found PSA elevation in 47% of men who were later histologically diagnosed as having BPH(23). Wolff and colleagues reported that PSA could not sufficiently discriminate between BPH and organ confined prostate cancer. The values overlapped considerably in both groups ranging from 0.5-31.2 ng/ ml in the BPH group and 0.7 -37.7 ng/ml in those with CAP (25) .
The reported specificity of PSA depends on the population of patients being tested. In this study, the specificity was low at 37%, attributed mainly to mild PSA elevations in the BPH patients, 29.6% of whom had PSA in the range of 4-l0ng/ml. In a large case control study performed by Gann et al, the specificity was found to be 83% (11) . This impressively high specificity was attributed to a low degree of BPH among the controls used in the study. Only seven of the 1098 controls were diagnosed to have BPH. The variation in the specificity at the cut-off of 4.0 ng/ml may also be related to the volume of the prostate gland (4, 25 ) and presence of an occult cancer outside the biopsy zone (4, 26) . Stamey recently reassessed the available information on the relationship of serum PSA to CAP and concluded that serum PSA < 10 ng/ml is not a reliable predictor of CAP, and that BPH is probably the major contributor to serum PSA between 2-10 ng/ml (26, 27) . Acknowledging the inadequate specificity of intermediate PSA values, several methods have been recommended to improve it. These include determination of PSA density and PSA velocity (2, 28) , use of age adjusted reference ranges (29) and the ratio of free or complexed PSA to total PSA (15, (30) (31) (32) .
Among the patients with CAP in this study, the PSA concentrations were skewed to the right, with 81% of the patients having PSA values >20ng/ml (25 th percentile =24.53 ngm). Studies have shown that levels of PSA greater than 15 ng/ml substantially increase the risk that CAP is extraprostatic (3, 32, 33) . Partin et al. reported that more than 80% of men whose preoperative serum PSA exceeded 20ng/ml had cancers that were not organ confined (34) . Stamey et al in their study showed that majority of CAP patients with serum PSA higher than 15ng/ml had microscopic capsular penetration, and at PSA > 40ng/ml, most had pelvic node metastases (3) .
The purpose of screening is to identify patients with cancers that are at an early stage, which would be indicated by serum PSA concentrations less than 15 ng/ml. In this study less than 20% of the CAP cases would fall in this category. The possible explanation is that in this group of patients, PSA testing was done for diagnostic purposes in patients who already had clinical features suggestive of CAP. The median PSA concentration in this group (58.3 ng/ml), which was much higher than values reported by others would support this (24, 29) . Carter et al found median PSA concentrations of 7.7 and 28.8 ng/ml in local and metastatic CAP cases respectively (24) .
In conclusion, our results show that at the conventional cut-off of 4ng/ml, serum PSA measurements, though sensitive, are not sufficiently specific to discriminate between patients with BPH and those with CAP. Using a higher cut-off of l0ng/ml appears to gives better specificity but the number of false negative results will increase. The findings support the need for approaches to increase the specificity of the PSA test for values in the gray-zone, without reducing the sensitivity of the test. In patients who undergo serial annual PSA estimations, the increase in PSA over time, (PSA velocity) would be useful. However for single PSA determinations, the estimation of the other molecular forms of PSA (free or complexed) when total PSA concentrations are in the range 4-20ng/ ml is recommended. PSA occurs in serum predominantly in complex with the serine protease inhibitor antichymotrypsin (ACT), while a small amount circulates in a free form (2) .
The percentage of free serum PSA is lower in males with prostatic carcinoma than in those with benign prostatic hyperplasia (35) . The ratio of free to total PSA has therefore become an important variable for distinguishing between benign and malignant prostate disease. Catalona et al reported that the assay could be used to reduce the number of prostate biopsies that yield negative results, with a minimal loss in the sensitivity of detecting prostate cancer (14) . Mitrunen et al found that at 70% sensitivity, specificity increased from 46% with total PSA alone to 73% using the free PSA ratio (32) .
